Abstract: There seem to be a certain degree of reluctance in accepting ILP-based methods as part of the range of molecular markers that are classically used for plant genotyping. Indeed, since DNA polymorphism results from difference in length of fragments amplified from specific gene loci, not anonymous sequences, the number of markers that can be generated is sometime inadequate for classical phylogeny studies. Yet, ILP-based markers have many other useful advantages that should not go neglected. We support this statement by presenting a large variety of data we have been collecting for a long while regarding the use of cTBP, an ILP marker based on difference in length of the introns present within the members of the plant beta-tubulin gene family.
organize the spindle and move the chromosome to the poles. This task has been conserved throughout evolution from the simple unicellular yeasts to the highest, most complex multicellular eukaryotes. This is reflected in the conservation of a significant aminoacid homology observed across tubulin of different species. In turn, this allows for the design of exon-primed oligonucleotides that can recognize the intron boundaries of several tubulin genes that may belong to either different varieties of the same species or to different species. A PCR reaction that is based on such primers will amplify the intervening sequence, that is the intron, producing bands that may be specific for a given variety or species since it reflects the polymorphism existing between the introns. This is successful because intron positions in beta-tubulin genes occur in clusters, which are regularly spaced throughout the sequence [26] . When the polymorphism is restricted to the length of the amplified fragment, this is called ILP or exon-primed intron-crossing PCR [27] . Typically, all plant beta-tubulin genes have two introns located at conserved position within the coding sequence. The only reported exceptions are ZmTUB1 and OsTUB2 genes that contain only the first intron [26] .
What are the advantage of the ILP method compared to others more commonly used technique such as AFLPs, SSR, RFLPs or their combinations? Several, if one accepts the idea of balancing handiness, versatility, simplicity and rapidity with a decreased penetrability of the marker, a reduced accuracy in the measurements of genetic distances when the analysis is performed at the lowest taxonomical level. Typically an ILP marker has the following advantages, experimentally verified with the use of TBP and cTBP [28] . ILP is a convenient, reliable molecular marker with high plant interspecies transferability that can be used for the construction of genetic maps. ILP markers are neutral, co-dominant, stable and specific since they are tagged to selected genes. In turn, EPIC-PCR, that is the assay specifically tailored on ILP [29] , is fast, reliable, reproducible and convenient, providing ready-to-use, clearly intelligible results. This paper provides evidences for all these statements.
Experimental Section

Plant Material
Twenty different genotypes of Rosa spp. and commercial cultivars were provided by the private collection of the Sergio Patrucco Nursery (Table 1 samples number 1 to 20). Pasture grasses were harvested by the authors in Central Italian Alps, north of the Lombardy Region. The harvesting mission was organized in two distinct sites, Culino Alps and Andossi Alps, kept separated by a mountain chain, in the natural ecological area of distribution of the plant species. From both harvesting sites, six random plants of each species, collected from an ecologically homogeneous area, were combined to form a uniformly representative sample. Wild herbaceous plants were collected among those of the IBBA-CNR intramural gardens and from different public parks of the city of Milan. All accessions were identified according to their morphological, botanical traits. 
DNA Extraction and PCR Conditions
DNA was extracted from 100 mg fresh leaf tissue using a GenElute™ Plant Genomic DNA Miniprep Kit (Sigma-Aldrich). The quality and concentration of the purified DNA was determined both by UV absorbance and by comparison with a known quantity of lambda DNA (clind 1 ts857 Sam 7) following electrophoresis through a 1% w/v agarose gel. DNA samples were stored at -20°C. Thirty ng of total DNA was used as the template for PCR amplification. TBP/cTBP analysis was performed according to Breviario et al. [29] . Hence, reaction conditions and primer combinations, TBPfex1/TBPrex1 for intron I and TBPfin2/TBPrin2 for intron II, were those previously reported. The amplified fragments were separated on a 2% agarose gel in 1 X TBE buffer (0.089 M Tris-Base, 0.089 M Boric acid and 0.002 M EDTA pH8) at 100 V for 1 h stained by ethidium bromide (1 μg mL -1 ) and photographed under UV light in a gel documentation system (UVP, UK). Moreover, 2 µl of each reaction was loaded on a sequencing sizes 6% w/v polyacrylamide native gel and run in 1X· TBE for four hours at a constant voltage 1,500 V. Amplicons were visualized by silver staining as described by [29] . After staining, the banding patterns were scanned; data collected from reproducible and successful amplification were stored. Marker sizes were estimated by comparison to molecular mass standards included in each gel. All amplifications were repeated twice at the least, to ensure consistency of the TBP-PCR amplified products. Control reactions with no primers or single primers were also run.
Data Analysis
The genetic distance between pairs of genotypes were determined by the Treecon program for Windows [30] from the matrix of presence/absence of amplified fragments, according to Nei and Li coefficient [31] . The similarity values were used to infer the cluster analyses phylogenetic trees, which was plotted as a dendrogram according to the unweighted pair group method with arithmetic average (UPGMA, [32] ), implemented in the Treecon software. The statistical confidence of a particular group of accessions in the tree was evaluated by bootstrap test [33] .
Results and Discussion
Intron Length Polymorphism Detected by the TBP/cTBP Method
The scheme in Figure 1 describes the multiple possibilities that the genomic organization and the structure of a plant beta-tubulin locus allow for the designing of an ILP-based approach. Each of the genes that in plants encode for beta-tubulin is characterized by the presence of three coding exons interrupted by two introns that are invariantly located at fixed positions [34, 26] . Amplification of the two introns is obtained with the use of primer degenerated mixtures that target the exon sequences at the boundaries of the introns. The primer combinations originally devised for the selective amplification of either intron I (TBP) or intron II (cTBP) can be used together under the same experimental PCR conditions. This allows the concomitant amplification of the two introns with the generation of a larger number of markers from the same gene loci. This also allows for alternative combinations between the forward and the reverse degenerated primers. Horse TBP (hTBP) represents one of such combinations allowing for the amplification of the whole beta-tubulin genomic region that encompassed the two introns [35] . This approach may sometime provide a better resolution of DNA polymorphisms since the amplified bands are higher in sizes, up to 2 kb. The discriminatory efficacy of the TBP/cTBP method also relies on the fact that a simultaneous amplification of all the members of the beta-tubulin gene family is obtained. Members number can vary from five to 23, depending on the plant species. In addition, the degenerated primer mixtures that are commonly used account for thousands of different nucleotide combinations. This provides the base for a wide, broad-range applicability of the method. Even so, additional developments are underway based on some specificities of the 5" region of the beta-tubulin genes that can allow for the amplification of the non coding sequence upstream of the ATG translational initiation codon, where a third intron can additionally be present in some members of the poplar, rice, and Arabidopsis β-tubulin gene family [26] . Figure 2 reports the data and the schematic representation derived by a systematic application of the TBP (part a) and cTBP (part b) method to 20 different rose samples, five botanical species and 15 commercial cultivars, all not previously characterized at genetic level. As shown, a total of 183 intron-length polymorphic fragments were found, 90 and 93 for the first and the second intron respectively. The molecular marker sizes ranged between 250 and 1,500 base pairs, in accordance with the reported sizes of plant introns. Individually, each of the 20 analyzed rose samples is characterized by its own specific banding pattern, simple yet distinctive with few, fully explainable exceptions (see below). The number of amplified markers, from both intron I and II, for each sample may vary from eight to 23 and this is likely to reflect the high level of heterozygosity and the hybrid nature of the plant material as well as the different ploidy level, often resulting from multiple hybridization processes. Although the breeder did not provide us with any information about ploidy levels, such a possibility is in accordance with the fact that botanical species show the lower number of scorable bands, from eight to 15. Direct correspondence between the number of bands amplified by the TBP/cTBP method and the ploidy level was already observed and reported for other plant species and varieties [28] . To this regard, it should also be noted that the number of bands that are amplified from the first intron is substantially reproduced when amplifying the second intron, that is and indirect confirmation that the same gene loci, namely β-tubulin"s, are successfully and simultaneously targeted. As for the nucleotide sequence, although we have not isolated and cloned the fragments amplified from roses, we have done it for the TBP/cTBP amplification products of 20 different plant species finding no exception to the fact that each amplified band corresponded to a specific beta-tubulin isotype. As previously mentioned, few rose samples exhibit the same TBP/cTBP amplification pattern. This occurred among R. indica "Vera Indica Major® and R. indica "Major" (lanes 1 and 2 in Figure 2 ) as well as among commercial cultivars "Kiss" and "Medeo" (lanes 11 and 12 in Figure 2 ). Both findings are not surprising, but actually confirm the reliability of the method since R. indica "Vera Indica Major® and R. indica "Major" are two clones of the same species, therefore substantially isogenic to each other, whereas the cultivar "Medeo" was selected as changed flower colour sports (mutation spontaneously occurred on genes involved in the flower color determination and subsequently fixed by the creation of a new cultivar) from "Kiss" (personal communication from the breeder). The resulting UPGMA-based clustering is shown in Figure 3 . All the Rosa genotypes were clearly distinguished by their molecular fingerprints. The Nei and Li's dissimilarity distances index ranged from a minimum of 0.098 between R. indica "Vera Indica Major® and R. indica "Major" to a maximum of 0.756 between the R. inermis and "641" cultivars. As readily observable, all the botanical species group separately from the cultivars in the lower part of the dendrogram. Moreover, we indentified an A main cluster (with a bootstrap probability of 78%) that groups two botanical species and all but two commercial cultivars. The contribution of R. indica "Vera Indica Major® and R. indica "Major" as a common rootstock in the grafting practice during the creation of varieties is also highlighted. Within cluster A, two sub-clusters could be recognized: A1 (bootstrap probability of 82%) comprises strictly related genotypes, intercrossed to each other and with minimal phenotypic variations, principally due to color changes (flower color sports); subcluster A2 (bootstrap probability of 82%) groups all accession commonly employed in the garden landscape and characterized by shrub growth habit. Among them the cultivars "Kiss" and "Medeo" are very closely related, as previously mentioned. Finally, subcluster A3 (bootstrap probability of 85%) groups all the cultivars referred to Tea Rose Hybrid class, that are mainly cultivated for the cut flower market. Overall, the cluster analysis based on the TBP/cTBP molecular markers shows consistency with regard to the breeding programs that led to the production of the 20 different Rosa accessions, each selected for different traits and purposes. The values of the genetic distances, although acceptable, may not be considered highly selective but this partial disadvantage is well counterbalanced by the rapidity, reproducibility and handiness of the TBP/cTBP method that grants a fast and easy recognition of each genotype. This is exemplified by the data of Figure 4 that show how the TPB/cTBP banding pattern can efficiently described the difference between very closely related species (those of subcluster A1), intercrossed to each other. The TBP/cTBP banding pattern actually provides an easily identifiable code that may be of use for the certification of the different Rosa species and registered cultivars. 
TBP/cTBP Analysis on Rosa spp.
TBP/cTBP on Pasture and Garden Plants
The concept of a DNA barcode, possibly based on the TBP/cTBP plant genome profiling, is further reinforced by the data shown in Figure 5 that provide an extensive, fast and mutually distinctive characterization of 20 different monocot and eudicot herbaceous plants harvested in many areas of the city of Milan and surroundings (Table 1) . Each of these species, all substantially uncharacterized at genomic level, exhibits its own specific TBP banding pattern (intron I in Figure 5 ) that differentiates it from the others. This information can then be used to update and to complement classical botanical description with tables like those shown in Figure 6 , to be posted in proximity of parks, gardens and fields. Data of Figure 5 also provides the best of evidence for two important advantages of the TBP/cTBP method that is (1) the ability of genotyping plant species in the absence of any information about their genomes and (2) the remarkable interspecies transferability of the marker. The combination of these two advantages also allows for a rapid and reliable comparison of the endemic herbaceous population that characterized different fields and pastures that then may become distinguishable for the presence of a distinct species, variety or ecotype of it. As reported in Figure 7 , comparison between the TBP-mediated genome profiling of some accession (Table 1 from number 21 to 25) harvested in two distinct Alp pasturelands reveals several differences between ecotypes of the same species. This not only may characterize specific ecological niches, but it may be of use to associate a given pasture area with its own panel of grasses that may also associate with differences in the nutritional value. 
Conclusions
Here, we have reported about the many features that characterize plant genomic fingerprinting carried out with the TBP/cTBP method, a particularly effective ILP marker. We have done it by presenting the data we have collected on a large number of rose species and hybrids, as well as a large variety of grass ecotypes. Remarkably, all the data have been obtained with the same experimental conditions and reagents providing further evidences for the handiness, the versatility and the interspecies transferability of the method. Cluster analysis performed with the molecular markers obtained with the TBP/cTBP on different rose accessions, releases a reliable map of genetic relationships largely consistent with their origin from the corresponding breeding programs. The TBP/cTBP marker can be effectively used as a DNA barcode for different plant species and ecotypes.
